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Challenges

•• Complexity of systemComplexity of system
–– TidalTidal
–– Multiple PCB sourcesMultiple PCB sources

Ongoing sources from watershed
Atmospheric sources
Legacy contamination in sediments

–– Different PCB water quality standardsDifferent PCB water quality standards
DC, Maryland and Virginia

•• PCB data limitationsPCB data limitations
–– Water columnWater column
–– LoadingsLoadings

•• Ambitious scheduleAmbitious schedule
–– Court mandatesCourt mandates
–– Administrative agreementsAdministrative agreements



Modeling Schedule

•• Final Calibration and ValidationFinal Calibration and Validation
–– February 23, 2007February 23, 2007

•• Draft Report on Hydrodynamic, Salinity and PCB Draft Report on Hydrodynamic, Salinity and PCB 
Mass Balance ModelsMass Balance Models
–– April 1, 2007April 1, 2007

•• Final Modeling ReportFinal Modeling Report
–– June 1, 2007June 1, 2007



Modeling Approach
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Key Features

•• Hydrodynamics (DYNHYD5)Hydrodynamics (DYNHYD5)
–– Builds upon CBEMP, TAM/WASP and DEM modelsBuilds upon CBEMP, TAM/WASP and DEM models
–– 1D branched spatial grid1D branched spatial grid
–– Represents main channel, Anacostia and Virginia embaymentsRepresents main channel, Anacostia and Virginia embayments
–– Daily forcing for freshwater inflowsDaily forcing for freshwater inflows
–– Hourly forcing for downstream tidal heightsHourly forcing for downstream tidal heights

•• PCB Mass Balance (WASP5)PCB Mass Balance (WASP5)
–– PCBs follow the organic carbonPCBs follow the organic carbon
–– Builds upon Delaware River Estuary PCB TMDL modelBuilds upon Delaware River Estuary PCB TMDL model
–– 1:1 spatial mapping between DYNHYD5 and WASP51:1 spatial mapping between DYNHYD5 and WASP5
–– 2D horizontal spatial grid2D horizontal spatial grid
–– 250 spatial grid cells250 spatial grid cells



DELPCB Model Framework
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Principal Model Limitations

Does Not Represent ….Does Not Represent ….

•• Lateral spatial gradients within main channel and/or within Lateral spatial gradients within main channel and/or within 
embayments, tributaries and covesembayments, tributaries and coves

•• Potential differences in sedimentPotential differences in sediment--water exchanges water exchanges 
between the main channel and nearshore areasbetween the main channel and nearshore areas

•• Complex physical processes in the vicinity of the estuarine Complex physical processes in the vicinity of the estuarine 
turbidity maximumturbidity maximum

•• Vertical stratification in the lower estuaryVertical stratification in the lower estuary
•• Sediment transport or suspended solids mass balanceSediment transport or suspended solids mass balance



Model Grid Development

•• Chesapeake Bay Model (57K grid)Chesapeake Bay Model (57K grid)
–– Mainstem PotomacMainstem Potomac
–– Middle and lower estuaryMiddle and lower estuary

•• TAM/WASP ModelTAM/WASP Model
–– AnacostiaAnacostia

•• Dynamic Estuary Model (DEM)Dynamic Estuary Model (DEM)
–– Washington Ship ChannelWashington Ship Channel

•• VIMS Virginia Embayment ModelsVIMS Virginia Embayment Models
–– Virginia embaymentsVirginia embayments



Figure 1.  Map of Study Area



Figure 2.  Bathymetry from 57K Chesapeake Bay Environmental Model Package (CBEMP)



Figure 3.  DYNHYD Junction-Channel Grid



Figure 4.  DYNHYD Junction-Channel Grid (Washington DC)



Figure 5.  DYNHYD Junction-Channel Grid (Upper Potomac)



Figure 6.  DYNHYD Junction-Channel Grid (Middle Potomac)



Figure 7.  DYNHYD Junction-Channel Grid (Lower Potomac)
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Figure 10.  Locations of Salinity and Tide Gages



Hydrodynamic Model
Water Surface ElevationWater Surface Elevation
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Potomac River at Lewisetta : Model vs Observed (2003-2005)
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Potomac River at Colonial Beach: Model vs Observed (2003-2005)
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Potomac River at Washington: Model vs Observed (2003-2005)
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Mass Balance Model
SalinitySalinity
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Least Squares Fit:
 N = 55
 Slope = 1.02
 Intercept = -5.339E-01
 R-squared = 0.997

Comparative Statistics:
 MARE = 2.2%
 RMSE = 2.68
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Least Squares Fit:
 N = 66
 Slope = 1.12
 Intercept = -2.678E+00
 R-squared = 0.887

Comparative Statistics:
 MARE = 9.3%
 RMSE = 14.7
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Least Squares Fit:
 N = 67
 Slope = 1.10
 Intercept = -1.330E+00
 R-squared = 0.811

Comparative Statistics:
 MARE = 20.4%
 RMSE = 17.2
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Least Squares Fit:
 N = 68
 Slope = 0.784
 Intercept = -1.300E-01
 R-squared = 0.786

Comparative Statistics:
 MARE = 21.9%
 RMSE = 12.3
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Least Squares Fit:
 N = 68
 Slope = 0.721
 Intercept = 0.0967
 R-squared = 0.828

Comparative Statistics:
 MARE = 14.0%
 RMSE = 8.05
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Least Squares Fit:
 N = 68
 Slope = 0.646
 Intercept = 0.126
 R-squared = 0.887

Comparative Statistics:
 MARE = 10.3%
 RMSE = 3.59
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Least Squares Fit:
 N = 25
 Slope = 0.541
 Intercept = 0.0736
 R-squared = 0.855

Comparative Statistics:
 MARE = 8.1%
 RMSE = 1.98
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Least Squares Fit:
 N = 25
 Slope = 0.390
 Intercept = 0.0619
 R-squared = 0.967

Comparative Statistics:
 MARE = 1.3%
 RMSE = 1.67
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Least Squares Fit:
 N = 71
 Slope = 0.576
 Intercept = 0.108
 R-squared = 0.883

Comparative Statistics:
 MARE = 10.0%
 RMSE = 1.47
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Least Squares Fit:
 N = 514
 Slope = 0.954
 Intercept = -1.940E-01
 R-squared = 0.960

Comparative Statistics:
 MARE = 10.2%
 RMSE = 27.5
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Mass Balance Model
Organic Carbon SorbentsOrganic Carbon Sorbents
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Mass Balance Model
Tri+ PCBsTri+ PCBs
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Next Steps in Modeling Effort

•• Resolve outstanding loading issuesResolve outstanding loading issues
•• Extend model through December 31, 2005Extend model through December 31, 2005
•• Incorporate new WSM5 loads for organic carbon based on TSS and Incorporate new WSM5 loads for organic carbon based on TSS and 

focfoc
•• Incorporate solids (organic carbon) loads from bank erosionIncorporate solids (organic carbon) loads from bank erosion
•• Implement capability for mass balance components analysisImplement capability for mass balance components analysis
•• Analyze longAnalyze long--term PCB trends in fish and sedimentterm PCB trends in fish and sediment
•• Finalize model calibration for WSE, salinity, organic carbon andFinalize model calibration for WSE, salinity, organic carbon and Tri+ Tri+ 

PCBsPCBs
•• Select 12Select 12--month cycling period for TMDL runsmonth cycling period for TMDL runs
•• Translation of model results from Tri+ to Total PCBsTranslation of model results from Tri+ to Total PCBs
•• Translation of model results to Total PCBs in fish tissueTranslation of model results to Total PCBs in fish tissue
•• Use calibrated/validated model to develop PCB TMDLUse calibrated/validated model to develop PCB TMDL


